The article addresses the topic of great ape-keeper tactile communication. The aim of this paper is to understand whether direct physical contact can be considered a source of enrichment for captive apes and whether it could be used to enhance animal welfare in zoos. We make use of a multispecies perspective provided by umwelt theory in an attempt to determine the role of touch in zoological gardens. By referring to Konrad Lorenz, we describe keeper-animal relationships as a special case of companionship, highlighting the role of keepers in apes' social behaviour. The paper considers social touch as the primary means used by social animals to create and maintain increasingly complex relationships. Since tactile communication in interspecific contexts has been underestimated previously, our theoretical framework allows for a better understanding of physical contact in zoological gardens without assuming an anthropocentric point of view. Our hypothesis is that physical contact with keepers may provide enriching opportunities for social animals and help strengthen the bond between animals and their keepers. We emphasize that ape-animal interactions in zoos need to involve keeper-animal physical contact as a possible means for enhancing the apes' welfare.
Introduction
Ethological work has long highlighted the prominent role that tactile communication plays in intraspecific social bonding for the maintenance of social order and internal hierarchy among primates (Dunbar 2010) . However, little attention has been paid to touch in interspecies interactions in zoological gardens. This paper addresses the matter of tactile communication between captive apes and keepers. We treat social touch as a species-specific affiliate behaviour and suggest employing it as part of zoos' enrichment strategies to facilitate engaging keepers as active social figures. Here we define enrichment as a change (either an addition or a removal) to the physical and social environment of captive animals with the aim to enhance the psychological and physiological well-being and welfare of the animals (Shepherdson 1998: 1) . In recent years, the practice of cognitive enrichment has gained popularity as a means of improving animal well-being (Broom 2010; Clark 2011 Clark , 2013 Clark , 2017 Clark et al. 2013; Meyer, Puppe, Langbein 2011; Yamanashi et al. 2016) . While no generally accepted definition is available, Clark (2011: 6) has defined enrichment as any task "whose use (1) engages evolved cognitive skills by providing opportunities to solve problems and control some aspect of the environment, and (2) is correlated to one or more validated measures of wellbeing". Enrichment programmes are a rather important aspect in the agenda of zoological gardens, and they are a popular strategy used to reduce the stress and boredom of animal populations kept in captivity. The variety of enrichment strategies is quite extensive (Hoy, Murray, Tribe 2010) . Approaches to the development of these programmes heavily depend on the species involved; they are also influenced by the personal history of the animal (Newberry 1995) . These factors make their analysis and the evaluation of their enriching potential a rather complex subject.
Welfare is connected to the concept of enrichment. However, there exist several definitions of welfare. In this paper, we will use this concept to refer to the physiological and psychological well-being of the animals held in zoos (Dolins 1999) . Welfare is influenced by several factors, including husbandry practices, species characteristics, and the individual preferences of the animal (Watters, Wielebnowski 2009: 502) . It is quite difficult to establish what could be interpreted as "good" or "bad" for an animal's welfare, and, in our case, whether physical contact (with humans) and tactile communication could have beneficial effects on animals' welfare. The aim of this paper is to offer a holistic approach to social touch as present in primate species to understand better whether interspecies physical contact (keeper-animal) could be used to improve the welfare of social animals. Our initial argument is that the inclusion of keeper-animal physical contact could be successfully added as an instrument to enhance the welfare of apes in zoological gardens. More specifically, we highlight the role of keepers as a source of social enrichment for captive animals and we describe their function considering Lorenz's concept of 'companion' (Lorenz 1937) .
The word 'companion' ('Kumpan'), as defined by Lorenz, "means a fellow who is our companion so far as concerns but one particular kind of occupation, such as hunting or drinking" (Lorenz 1937: 260) , and the term could be better translated as 'mate' or 'buddy'. Lorenz borrows this terminology from the Uexküllian tradition (Uexküll, J. von 1992: 369; Brentari 2009 ). The concept of companion has been linked to the innate release mechanism (IRM), social releaser, and the concept of imprinting (Schleidt 1992: 150) . According to this mechanistic view, a companion is any agent able to trigger species-specific behaviour. While a companion is usually a conspecific, its function can potentially be performed by any other subject; this calls attention to the semiotic nature of this concept, which we will discuss in the following. By defining keepers as apes' social companion, we can uncover the social role that keepers play in zoological gardens. We suggest that tactile interactions can be seen as the building blocks of complex social interactions. For this purpose, we refer to the concept of 'umwelt' as developed by Jakob von Uexküll (1909 Uexküll ( , 1992 . 'Umwelt' can be defined as the subjective world of an organism that always includes a perceptual and operational side. It is "a qualitative and meaningful model of a species' significant surrounding" (Sebeok 1986: 23) . The umwelt is the world that an organism perceives and creates through its actions (Kull 2009: 43) . This subjective world is created through what Uexküll called 'the functional cycle' (Uexküll, J. von 1921) , a model that connects the input generated in the external world to the animal's behaviour (Brentari 2015: 99) and the process through which an umwelt is constructed. This model is dependent on the perceptive and operational organs of the animal. Since an organism responds only to meaningful signs and not casual impulses (Uexküll, T. von 1992: 285) , the functional cycle has been linked to the concept of semiosis (Krampen 1997; Cobley 2010: 347) .
As we will discuss in greater detail in the following sections, primates rely quite significantly on social touch for intra-group relations. Social touch, however, can take various forms. Here, we link the concept of 'search tone', as defined by Jakob von Uexküll (1992: 373-376) , to that of social touch in order to understand its role in interspecies interactions. A search tone can be defined as something that the subject is looking for when it does not have a precise idea about what it is searching for (Tønnessen 2018) , while having an idea of what the function of this object is. If the function of social touch is to establish closer connections with group mates and re-establish social order, as we will discuss in the following sections, we argue that physical contact between keepers and apes may produce similar outcomes, i.e. reduced stress, increased collaboration, and easier husbandry work for the keepers.
A model for human-animal tactile communication in zoological gardens
One of the challenges that zoological gardens face is to recreate the in-situ living conditions of the animals they are hosting as much as possible; this includes not only meeting the mere biological needs of the animals, such as climate and dietary requirements, but also the intraspecific social relations that would occur in situ. However, due to monetary and spatial restrictions, this is not always possible. It is no surprise that captive social conditions differ significantly from those observed in the in-situ environment. One clear repercussion is noticeable in the communicative behaviour of animals. The artificial nature of zoos makes it possible for animals to partake in communicative acts that do not typically occur in situ. For example, hybridization following the mating of two different species was a rather common phenomenon in the past, while affiliate surrogate programmes involving dogs (Fritz, Fritz 1985) and multispecies exhibits showcasing animals from different continents (Rees 2011: 131) are still quite common. Whereas hybridization is possible because the two animals involved share at least a certain amount of code that allows them to communicate, positive or neutral (generally non-agonistic) relations in multispecies exhibits find their strength in the compatibility of the species involved, either because of similar climate and dietary requirements or behavioural compatibility, e.g. shared social cues or learned behaviour that allows the pacific coexistence of the two (or more) species. However, zoological gardens remain mostly sites where human-animal relations take place, and this paper will also explore this dimension. When thinking about human-animal tactile communication, it is important to consider three different interconnected layers. On the first level, we find the institutional legislation that regulates the amount of contact allowed between animals and their keepers; on the next level, we have intraspecific variables and an animal's individual preferences; finally, on the third level, we have human attitudes towards captive animals. These three factors mutually influence the possible types of human-animal interactions that can occur in zoological gardens. We propose a model adapted from the threefold model envisaged by Filip Jaroš (2018), which will serve to conceptualize the factors influencing human-ape relationships in zoos.
Zoological gardens adopt different policies regarding direct contact between animals and their keepers which vary according to different animal species. These policies were created to ensure the safety of the keepers and the welfare of the animals. Contact policies limit the amount of contact that animals can receive from humans. More specifically, a no-contact policy inhibits physical contact between keepers and animals. In the case of apes, however, this type of policy clashes with their intraspecific behaviour and communication systems. As we will show in the following sections, most species of apes rely on social touch for bonding. Touch is an essential affiliate behaviour that is used to strengthen social relations and to create new alliances within the group. In this sense, building upon intraspecific behaviour should be the first strategy created to ameliorate animals' social life. Strategies of this kind have been proven to enhance the quality of keeper-animal relationship in previous studies. For example, rhesus macaques responded with increased affiliate behaviour towards their keepers as a response to caretakers who imitated their species-specific communication (Bayne, Dexter, Strange 1993) . Finally, keeper-animal relationships are influenced by the keeper's attitude towards the animals. Human attitude can deeply shape the type of relationship formed with the animals and simultaneously have deeper effects upon their welfare and intraspecific behaviour (Cole, Fraser 2018) . Thus, it is essential to keep in mind these three aspects when analysing the strength of human-animal bonds in zoological gardens. A non-hierarchical semiotic interpretation of the three layers represented ( Fig. 1 ) allow us to understand and conceptualize the different factors influencing human-ape relationship in zoological gardens. However, since this paper tries to take an emic approach to animal communication, only the first two issues will be addressed: namely, we will discuss the role that contact policies and intraspecific social behaviour play in shaping the quality of keeper-animal relationships. 
Human influence upon captive animals in zoological gardens
Studies concerning communication between different species have focused on human-animal relationships (HAR) between domestic animals and farmers (Hemsworth, Barnett, Coleman 1993; Hemsworth, Coleman 1998; Jones 1994; Waiblinger et al. 2006) . While the concept of HAR has been applied mostly to the study of agricultural animals, it can be adapted to the study of animals in zoos as well (Hosey 2013) . However, we need to keep in mind that in the case of zoo animals, we are dealing with animals with no history of domestication, whose behaviour is still somehow affected by anthropogenic changes due to captivity and repeated human interactions. Contact with humans in zoos, be they familiar, such as zookeepers, or strangers (e.g. visitors, temporary staff members), is an essential aspect in the life of any animal living in a zoo. However, previous research has mostly focused on the relationship between animals and visitors (Carder, Semple 2008; Davey 2007; Fernandez et al. 2009; Hosey 2000 Hosey , 2008 Hosey , 2013 Margulis, Hoyos, Anderson 2003) , with particular attention given to the destructive and negative impact of visitors on the behaviour and psychological state of animals (Chamove, Hosey, Schaetzel 1988; Montanha, Silva, Boere 2009; Rajagopal, Archunan, Sekar 2011; Wells 2005) . Comparatively, there have been far fewer studies focused on the relationships between animals and keepers (Ward, Melfi 2015) , with a limited number of studies examining the negative influence of keepers (Hosey, Melfi 2014) . A growing body of evidence seems to point out that animal-keeper relationships can have positive effects on animals' welfare (Carrasco et al. 2009; Mellen 1991) . Mellen (1991) , for example, showed positive correlations between the quality of interactions between felids and keepers and the overall welfare of the animals. Interestingly, he defined positive interactions as those involving "keepers who spent a great deal of time with each cat, soliciting contact and talking to the cat" (Mellen 1991: 99) . In this case, physical contact and, generally, tactile interactions, are considered an integral factor to assess the quality of keeper-animal interactions. Chimpanzees in research facilities benefitted from constant social interactions with their human caretakers (Bloomsmith et al. 1999) . Moreover, intraspecies aggression in chimpanzees (Bloomsmith et al. 1994 ) and singly housed rhesus macaques (Bayne 1993) has been successfully reduced thanks to food rewards, which consequentially reduced abnormal behaviour. Instead, increased grooming activity and reduced inactivity have been linked to more frequent human-chimpanzee interactions (Baker 2004) .
However, a high number of keepers may have negative influences. For example, higher corticoid levels, which points to higher stress levels, were found in the faeces of clouded leopards (Neofelis nebulosa) that had multiple keepers compared to animals who only interacted with a few familiar keepers (Wieleb nowski et al. 2002) . The quality and frequency of interactions seemed to be un satisfactory when different keepers are involved, and social bonds could not be successfully formed. Studies focused on the analysis of the quality of keeper-animal interactions (Carlstead 2009 ) have brought to light the different problematics of the topic. Overlapping issues regarding animals' keeper affinity, species-specific fear of people, and individual behavioural factors, such as curio sity and sociability (Carlstead 2009: 599) , complicate the picture.
Research with primates and big feline species confirmed that increased interactions with zookeepers could benefit both the animals and the workers (Szokalski, Litchfield, Foster 2012) . Surveys involving keepers of big cats high lighted the great importance given to animal-keeper interactions for husbandry practices, educational purposes, and animal welfare (Szokalski, Litchfield, Foster 2012: 7) , while recognizing the significance of no-contact between animals and visitors. While theorizations and studies conducted on the species level may cast light on species-specific preferences regarding physical contact and interactions with the public, it is important to understand the vital role of indi vidual preferences. Singular individuals may respond to same conditions in diametrically opposite ways. Studies conducted with Western lowland gorillas (Gorilla gorilla gorilla) showed that individual gorillas had different reactions to the presence of visitors: visitors had a negative impact (e.g. more aggression, visual scanning) on some groups, while in other zoos visitors seemed to have no effect at all on the animals (Carder, Semple 2008: 217) . A third group of gorillas showed positive responses to visitors presence (Stoinski, Jaicks, Drayton 2011) , such as less undesirable behaviours and attempts to seek proximity to the visitors. Similarly, increased interactions with keepers resulted in increased tolerance towards visitors in some zoos, while in another zoo gorillas showed more aggression (Mellor, Hunt, Gusset 2015: 74) . Previous experience and per sonal dispositions play an important role in determining an animal's response to enrichment programmes and other variables and, as such, these factors should be carefully considered when interpreting animal behaviour. While species-specific theorizations should serve as a starting point for welfare analyses and enrichment programmes, individual-level preferences can significantly impact the outcomes of welfare examinations.
Some studies have discussed the potential positive effects of visitors upon captive animals (Hosey 2000; Markowitz et al. 1981) , mostly suggesting the idea that visitors may represent a source of environmental variability, and as such have the potentiality to enrich captive animals' lives. Empirical evidence seems to support this idea partially, with increased activities directed towards visitors in the case of different species of primates (Chamove, Hosey, Schaetzel 1988; Hosey, Druck 1987) , especially as regards active visitors (Mitchell et al. 1992 ), e.g. visitors seeking interactions. Similarly, higher frequency of mother-child contact in the case of chimpanzees (Cook, Hosey 1995) was observed, while other studies reported increased interest in visitors and juvenile-adult interactions in the case of orangutans (Birke 2002) . The interpretation of the data, however, proves to be a difficult task. Increased intraspecific affiliative behaviour, such as in the studies conducted by Cook and Hosey (1995) and Birke (2002) , could be classified as enriching, given the arguably positive effect upon intraspecific affiliative behaviour. However, we may argue that juvenile orangutans seek adults' companionship, and chimpanzee mothers more often cling to their children because of an increased alert level stemming from a general mistrust of visitors. It can also be argued that visitors represent an environmental variability that reduces boredom and inactivity (Hosey 2008 ). An analysis of hormone levels (e.g. cortisol), paired with behavioural observations, may provide an answer.
Zoo contact policies: From free contact to zero handling
Contact policies are extremely important for the training of animals. The use of conditioning techniques, such as the use of a clicker or a whistle and food reinforcement, usually supports this type of training. Different handling policies have different impacts on the use of training techniques and husbandry practices. Safeguarding animal welfare is the priority of these regulations. Thus, physical contact between animals and humans (either visitors or staff members) must be regulated accordingly.
An increasing number of zoos are adopting zero-handling policies and protected contact approaches instead of the free contact policy that was more common earlier (Rees 2011: 238) . In the case of free contact, animal and keepers share the same space without any barriers between them. This approach is still used in many zoos when dealing with animals that are considered relatively safe (smaller non-carnivorous mammals, for example). However, it poses several limitations when keepers must work with larger species or with carnivores. For example, great apes pose a severe threat to the lives of caretakers; hence the necessity to regulate physical contact between animals and keepers. Protected contact reduces the risks of a free contact policy thanks to the employment of physical barriers separating the keepers and the animals. While physical contact is still allowed through barriers, this approach ensures that keepers are protected from unexpected attacks by the animals, while the animals are less prone to feel trapped, threatened, or stressed (Reinhardt, Cowley 1990; Turkkan 1990) . It is also suggested that protected contact contributes to overall animal welfare (Maple, Perdue 2013: 105) . Protected contact has successfully reduced the risks associated with husbandry practices and has proved to be a very successful strategy as it makes the cooperation of animals its key factor. Animals' collaboration facilitates transportation and makes medical care and daily husbandry routines easier for the personnel and less stressful for the animals involved (Abadie 1997 2 ; Ball, Fad 2006) . Contact between keepers and animals proves to be a precious tool for the formation and maintenance of more solid bonds between the animals and their keepers/carers and for the reduction of stress levels, possibly due to higher environmental control given to the animal (Bassett, Buchanan-Smith 2007; Bayne 2002; Claxton 2011; Hosey, Melfi 2012) .
On the other extreme, some zoos have adopted a zero-handling, or hands-off, policy, which means that no contact is allowed between the animals and their keepers. In this case, animals and keepers never share the same physical space. This approach may be supported because it promotes the idea that the animals will not be influenced by the presence of humans, ensuring that their behaviour is closer to that of their ex-situ conspecifics (Kiley-Worthington 2012). It is also believed to ease the work of keepers who do not have physically to enter the animal's enclosure, reducing their exposure to potential attacks. On the other hand, zero-handling policies create difficulties in husbandry work and zoo management. Since these animals are not acclimated to human contact, medical staff must cope with more laborious tasks when veterinarian care is necessary. No cooperation from the animals often means that animals must be tranquillized or restrained even for the most straightforward medical routines. This also implies that, for these animals, veterinarian care produces higher stress levels compared to animals that are used to human contact (Kiley-Worthington 2012).
The European Association of Zoos and Aquaria 3 (EAZA) guidelines (2014) established instructions for the quantity and quality of direct (physical) contact between animals and humans, with particular focus given to visitor-animal interactions. These standards provide several recommendations regarding physical contact with animals: contact is generally allowed with animals that pose no physical 2 Abadie, Margaret 1997. Medical management of an Asian elephant herd in a protected contact system. Paper presented at the AZA Annual Conference. Retrieved from http:// activeenvironments.org/pdf/Med_Mgmt_Elephants_atHZG.pdf. risk for the visitors and only when the welfare of the animals is safeguarded 4 . The EAZA standards provide a detailed list of animals that should be considered dangerous for visitors; this list includes all adult apes. These standards imply that contact between visitors and juvenile apes is allowed, but physical interactions should stop once the animals reach adulthood. This situation occurs quite frequently with young hand-reared apes, who are exposed to every day interactions with familiar and, sometimes, unfamiliar humans. However, these interactions usually cease once the animal has matured and is introduced to other conspecifics.
Can physical contact be considered enrichment?
To establish whether direct contact represents a source of enrichment for the animal, and whether it has positive effects on animal welfare, it is necessary to study the impact of human physical contact on intraspecific and stereotypical behaviours. Stereotypical behaviour is here defined as a type of behavioural pattern that is repetitive, invariant in its form, and serves no apparent concrete function (Ödberg 1978; Mason 1991) . However, this seems to exclude a more profound acknowledgement of the meaning of physical contact for animals, since the only issue addressed regards its impact on animal welfare. In this sense, if physical contact is not meaningful for the animal and has no apparent negative effects, physical contact could still potentially be allowed. The World Association of Zoos and Aquariums (WAZA) directives, on the other hand, point out the general need to evaluate whether physical contact is necessary (Mellor, Hunt, Gusset 2015: 72) , highlighting the necessity to understand its impact on the animal's welfare and that of its conspecifics. Something can be considered enriching only if it proves to be effective in reducing stress and associated stereotypical behaviour (Coviello-McLaughlin, Starr 1997) , while increasing species-specific behaviours and introducing variability in the life of the animals (Mellen, MacPhee 2001) .
Studies involving different animal species have revealed that individual enriching preferences were influenced by the species-specific repertoire of the animal (Mehrkam, Dorey 2015: 428) . Based on these premises, it seems quite tempting to suggest that physical contact may represent a form of enrichment for those animals whose species-specific information exchange depends heavily 4 Hazardous animals, however, are prohibited from entering in contact with visitors, and only limited contact with staff members is allowed. Hazardous animals are those animals that can pose a threat to humans due to their physical strength (i.e. big carnivores), hyper-protective or aggressive behaviour (e.g. during mating season), or because they can injure humans due to being venomous (snakes, venomous frogs). upon tactile communication, such as primates or other highly sociable animals, keeping in mind personal-level preferences as highlighted in previous sections. It is also important to bear in mind that while physical contact with an individual may be beneficial in given circumstances, individual and external variables can influence the animal's perception of human touch. For example, a new mother will probably be more skittish and avoid contact while nursing; diseases and intragroup aggression may also affect the way apes react to human contact.
Social touch in primates
The majority of primate societies rely on social touch as a means of com munication. The most commonly studied tactile behaviour in primates is grooming. Grooming can be defined as a type of affiliate behaviour, common to many other social animals (Burkett et al. 2016; Kleiman 1967; Kutsukake, Clutton-Brock 2006 Niesink, Van Ree 1989; Stopka, Graciasova 2001; Wilkinson 1986; Wood 1977) . Primates other than humans spend up to 18% of their daily time grooming (Dunbar 1991) . Chimpanzees spend up to 10% of their time grooming each other (Wrangham 1977; Ghiglieri 1984; Pusey 1990) , 70% of which is in polyadic clusters (Nakamura 2003) . Only orangutans, who are less social, spend less than 0.01% of their time in social grooming (Wich et al. 2009: 196) .
One physiological advantage of grooming is stress reduction (Aureli, Preston, de Waal 1999; Feh, de Mazières 1993; Keverne, Martensz, Tuite 1989) , but grooming also helps keep one's fur clean from debris and parasites. Although grooming poses several risks for the groomer, such as decreased vigilance, increased vulnerability (Mooring, Hart 1995) , and higher energy use, grooming provides obvious social advantages far more appealing than the lower-level "risks" associated with such an activity. It has been shown that the time spent grooming another individual greatly exceeds the actual time required to keep fur clean (Dunbar 2010) , bringing forward the idea that social reasons may be behind primates' grooming activity. Grooming seems to be connected to the maintenance and establishment of social relationships. Evidence deriving from observations of blue monkeys (Cercopithecus mitis) suggests a high level of reciprocity in grooming activity (Cords 2002) , meaning that time spent grooming seems to be correlated with time spent being groomed, asking to be groomed and the refusal of the activity. Grooming has therefore been described as a "currency" to exchange for a commodity (Henzi, Barrett 1999: 48) , and it has been suggested that it is linked to the creation of coalitions against competitive interactions (Cords 2002; Dunbar 1984 Dunbar , 1988 Dunbar, Sharman 1984; Seyfarth 1977; Harcourt 1992; Seyfarth, Cheney 1984) . Recent studies have highlighted the complex dynamics of grooming practices. In the case of Western chimpanzees (Pan troglodytes verus), groomers choose partners according to personal preferences (e.g. friends) and prospective social benefits (i.e. higher-rank members); however, they avoid grooming group members that have strong social bonds with at least one bystander (Mielke et al. 2018) , as the latter will often interfere with grooming activities because of jealousy or to prevent possible change in social hierarchy. Bystanders monitor grooming activities around them and intervene based on their own social position within the group and their awareness of the relationship between the groomers (Mielke et al. 2017) . In other words, if a group member initiates a grooming session, there is a chance that this session will be interrupted by a bystander if this activity proves to threaten the social position of the third party within the group.
Generally, post-conflict affiliate interactions include a certain level of physical contact and are aimed to reduce stress after in-group attacks (Fraser, Stahl, Aureli 2008) . Tactile comfort has been observed in different species, either with socially close individuals, in case of chimpanzees (Palagi, Paoli, Tarli 2004; Romero, Waal 2010) , or with genetically related individuals, in case of macaques (Aureli, Das, Veenema 1997) . Consolation of conspecifics was first thought to be exclusive to humans and later recognized to be shared with other primates 5 . Consolation behaviour in primates has been linked to empathy (Webb et al. 2017 ) and better social integration. Empathetic feelings and consolatory behaviour may give an evolutionary advantage to social animals, in the sense that they both enhance survival chances and benefit the giver in the long term. Supporting fellow members proves to be quite successful in case of external aggression. In this line, affiliative behaviour and "friendships" have been described in intragroup members in the case of female blue monkeys (Cords 2002) , while male-to-male friendships are often created among chimpanzees (Goodall 1986; Dagg 2011: 71) , especially among siblings, with more current research highlighting the role of trust in the social bonds of chimpanzee (Engelmann, Herrmann 2016) .
We share with other primates, and to an extent with other mammals, an inherent need to engage in physical contact with others in order to establish deeper and long-lasting relationships. Interspecies interactions are particularly interesting in this context. Increased interest in pets could be explained as a 5 Recent studies have discovered consolatory behaviour in ravens (Orlaith, Bugnyar 2010) , in which physical contact plays a signifi cant role. Additionally, tactile communication plays a signifi cant role in pair-bond birds, with allopreening acting as an instrument to strengthen bonds in species that cooperate to raise their young (Kenny et al. 2017) . Th is behaviour is more common in sociable birds compared to solitary ones, with a positive correlation between the time spent allopreening and group size (Radford, Du Plessis 2008). supplementary attempt to find a socially acceptable way to fulfil our tactile needs. Besides the use of animal-assisted therapy (see Nimer, Lundahl 2007 for a review), interactions with domestic animals have also been studied in relation to their positive effects on the psychological and physiological well-being of humans. Direct physical contact with dogs (petting, hugging) has been linked to decreased cortisol levels in children (Beetz et al. 2011) , and a reduced heart rate in stressed subjects (Demello 1999) . Contact with a companion animal has therefore been addressed as a potential factor in the promotion of social interactions in children and adults (Beetz et al. 2012) . The need to experience other living beings through tactile means would explain the existence of petting zoos, where visitors can interact physically with other animals. In a sense, petting zoos supplement part of the sensory experience that is lost in other areas of zoological gardens and allows the visitors to interact with animals not only on visual, auditory, and olfactory levels, but also through tactile means.
Touch and umwelt theory: Parental care and the concept of companion
Our ability to discern different sensations stems from the somatosensory system, which is an incredibly intricate network of nerve endings and touch receptors beneath the skin. Our skin plays a double role: on the one hand, it separates external agents and protects us from foreign intrusions; on the other hand, it is the layer that links our internal world to the external reality (Hoffmeyer 2008) . Once external stimuli are registered through the skin, biological meanings are assigned to these sensations (Hoffmeyer 2008: 19) . To make sense of these stimuli our body creates a network of functional interpretations that are promptly acted upon with appropriate responses. It is only through a process of translation and interpretation that external stimuli do not remain isolated impulses but become meaningful entities.
It is also through the sense of touch that internal experiences can be linked to the external social world and increasingly complex interactions can make sense. While this holds true for intraspecific social organization, we are also arguing that also interspecific relationships can benefit from tactile communicative acts. In the case of isolated social animals in zoos (i.e. animals that normally live in groups or in pairs), touch deprivation may have incredibly disruptive effects on the wellbeing of animals. In the context of interspecific interactions, grooming can be used to solidify keeper-animal bonds and as a positive reinforcement strategy. Grooming from staff members during training sessions is a successful substitute for food rewards in the case of small primates (Taira, Rolls 1996) , probably because of the positive effects on hormone release.
Grooming activity may also be effectively used to relieve stress and act as social bonding for orphaned apes, in the latter case as a substitute for intraspecies affiliate behaviour. However, the suitability and potential effects of human grooming on the mechanics of intraspecific activities needs to be clarified. For example, it has been observed that chimpanzees' grooming style is passed matrilineally (Wrangham et al. 2016) . This implies that the way a staff member performs grooming on a chimpanzee could have long-term repercussions on the social integration of the animal or, at the very least, it could introduce variations in the grooming style of other members, i.e. when the hand-reared chimpanzee has her own offspring. Grooming activity, and more generally physical contact with staff members, proves to be a successful tool to establish close connections with the animals and to support the future social integration of chimpanzees (Bashaw, Gullott, Gill 2010; Thunström, Persson, Björklund 2013) , provided their early integration into conspecific groups.
However, extensive human contact can negatively affect the individual and social development of animals. Chimpanzees raised as pets or performers struggle to integrate into intraspecific groups (Freeman, Ross 2014) . In this latter case, however, it is important to specify that these chimpanzees are often raised in a uniquely human environment, often becoming more humanized in their behaviour, in the case of pets, or mistreated if raised as performers. Still, it is possible that the later introduction of other conspecifics will result in poor integration, regardless of the quantity and quality of human contact received. This is due to the existing limited timeframe that regulates the successful recognition of conspecifics, as we will now move on to discuss in more detail.
Social touch in apes can vary significantly; however, the exact way social touch changes must be understood better. Social touch is linked to intrinsic speciesspecific behaviour, which can be tied to the unusually long period of maternal care that primates undergo. Primates are born helpless and without proper maternal care they would soon die. Chimpanzees are only weaned when they are five years old (Stanton et al. 2014) , similarly for bonobos, for gorillas around the age of three (Eckardt et al. 2016) , and in the case of Bornean orangutans (Pongo pygmaeus wurmbii) up to seven years (Noordwijk et al. 2013) . Long maternal care characterizes other mammals as well, yet while maternal care can be defined as a primary characteristic of mammalian species, it can be argued that primates carry and hold their infants more than other mammals. We suggest that the meaning of touch has its roots in the early life stages of highly sociable primates (with nursing, carrying, and warmth as signs of parental care), and is extended into the adulthood of animals as a tool used to strengthen social bonding and to maintain social order. Group size, as discussed above, increases the time spent looking for and acting on tactile interactions; hence we argue that it is through tactile connections that social bonds are maintained and created in the first place. It is through social touch that increasingly complex relationships in large groups can be preserved and internal coherence can be safeguarded.
The need to be held, or simply to have direct physical interaction, is so rooted in the mammalian umwelt that we believe this could be used in interspecies interactions and zoo management. The tactile need could be interpreted as a special case of search tone, as defined in the introduction of this paper. When the subject (ape) is looking for a grooming partner (usually another conspecific), the initiator has an idea of what the function of this object is (social engagement, cleaning); however, this function may be performed by different actors. Thus, the keeper can also perform this social function and engage in tactile exchange building upon intraspecific behaviour. Physical contact in interspecies interactions is highly influenced by the body part involved in the tactile exchange. For example, cows use licking for positive interactions and social support (Sato 1984) as well as to reduce social tension in a group (Waiblinger, Menke, Coleman 2002) . Research on dairy cows showed that petting and grooming body parts that are usually licked by conspecifics had positive effects on milk production, stress relief, and in diminishing fear of humans (Schmied, Boivin, Waiblinger 2008) . Other studies showed similar results with horses (Feh, de Mazières 1993) . Given these premises, human stimulation could be used to achieve similar results in zoos. It is important to establish in what ways human touch can be successfully used to facilitate the integration of apes in social groups, supplement the lack of maternal contact, or simply form social relations with an animal. Specifically, it is unclear whether all body parts have the same meaning for the animal when touched. In the case of apes, the areas more often groomed are those that are not easily accessible by the groomee (i.e. the back); thus, we suggest that keepers should similarly focus on these regions.
The relationship created between humans and captive apes can elicit the release of intraspecific behaviours and proves to be potentially enriching. Keepers may become apes' companions (Lorenz 1937) . As discussed earlier, the concept of companionship is used to describe specific roles played by conspecifics. The companion "serves as a releaser for several specific performances (Leistungen) of behaviours" (Schleidt 1992: 150) , as such it might seem that the companion is nothing more than an object that triggers a species-specific trait. However, signification processes lie behind the process of recognition and continuous interactions between companions, and thus the concept of companion is linked to that of semiosis. From Uexküll's point of view, the existence of individual-level recognition among conspecifics and their precise and unique relations are signs of environmental enrichment typical of higher animals (Brentari 2015: 137) . In this sense, social species need to organize their environment with the aid of perceptive marks and operative marks that allow the recognition of conspecifics at an individual level too. Social species need to be able to recognize individuals in larger groups for the organization of social life, nest building, protection, and feeding their offspring among other things. We can hardly imagine highly sociable animals that are unable to recognize members of their own species, let alone closely related members, who may be either genetically related or "friends", as defined in previous sections. The recognition of individual members and social interactions are based on meaning processes. There is a dialogical relationship with others that is made explicit by the different roles that social animals can play within a group. From observations of birds it seems that during a bird's life cycle, the animal naturally seeks to build relationships of some kind with different partners. In the case of birds, Lorenz identified five types of companions: the parent-companion, the child-companion, the sex-companion, the socialcompanion, and the brother-and-sister-companion (Lorenz 1937: 272) . These roles, however, are more flexible than they appear to be; often a subject can transcend a particular role and perform more than one role (e.g. the brotherand-sister-companion can also be a social-companion). According to different environmental conditions and personal experiences, the companion-roles can be fulfilled by various agents. There exists a critical period where birds learn to recognize members of their species and get attached to their parents (Lorenz 1937; Spalding 1954) ; similar processes are present in mammalian species (Sluckin 1968 ). If during this period they are exposed not to their conspecifics but to other animal species (or even moving objects), these birds will recognize the latter as one of their parents. In examining the phenomenon, Uexküll wrote:
Clearly, there is no uniform perceptual image for the companion in the jackdaw's world. Nor could there be one since the role of companion changes all the time. In most cases, the receptor image of the mother companion is not determined at birth as to form and color.
[…] the same thing happens in choosing the love companion. Here, too, the acquired sign of the substitute companion is createdonce the first exchange has occurred. In consequence, even animals of the same species are rejected as love companions. (Uexküll, J. von 1992: 371-372) From this point of view, while the fulfilment of these roles touches upon certain innate mechanisms, the object that can fit into a determined role varies considerably. It is important to understand that the roles played by a companion are quite flexible. These social relations are heavily dependent on several external and internal factors, such as individual experience, personal predispositions, and environmental factors. Companions are engaged in complex social roles that could not easily be explained solely through genetics.
In the normal conditions of a zoo, the ape-keeper relationship does not fit entirely into any of the categories proposed by Lorenz. The closest approximation is that of the social companion. According to Lorenz, the releasing functions of the social-companion include: (a) inducing of reaction by "contagion" or imitation; (b) releasing of following reactions; (c) responses to warning; (d) social attack reactions; (e) the interlocking of instinctive actions pertaining to the pecking order and to nest-protection; and (f) responses to the disappearance of the social-companion (Lorenz 1937: 272) . From our point of view, however, keepers remain borderline figures, able to elicit responses in case of disappearance (habitual keepers), while new keepers may induce feelings of stress and fear. Keepers are able to influence the social organization of the group and might be able to supplement emotional and cognitive stimulation that has beneficial effects on intra-group relations (Bloomsmith et al. 1999) . Human-animal bonds can successfully be created in zoos following regular, positive interactions; a strong attachment level can also be derived from such interactions. Besides, keeperanimal interactions create new types of relationships and interspecific meanings. Zoological gardens are hybrid environments where new meanings and norms are established through constant interactions. As such, interspecies relationships find their strength in shared interests, meanings, and affections (Lestel 2004) which are dialogically constructed in hybrid environments.
While it is relatively easy to understand the attachment level of humans to animals (e.g. Hosey et al. 2018) , evaluating the presence of an interspecies bond from an animal's point of view is much more difficult. Behavioural observation is obviously one answer. Human-animal bonds can have a beneficial effect on the wellbeing of an animal; however, strong bonds may also present several drawbacks. The sudden absence or disappearance of a keeper can distress an animal and negatively impact its wellbeing (Hosey et al. 2018: 274) . Additionally, abnormal housing is rather common in zoos. Several animal species that in situ lead a solitary or semi-solitary life (such as the orangutan) are forced to share a common space with conspecifics; similarly, some others must maintain longterm relationships with the same group members, even though group associations in situ tend to be much more elastic and liable to change, as in the case of chimpanzees (Lawick-Goodall 1968 ). On the other extreme, social animals in zoos may in fact live in solitude for reasons such as the death of other conspecifics, particularly aggressive behaviour towards other group members, health problems, or the zoo's inability to find suitable companions. Hence, these animals find themselves in living conditions that can alter their usual social interactions. This alteration can impinge on their welfare and lead to dramatic consequences, and human contact can help mitigate some of the associated problems. The development of trustworthy and solid relationships between animals and their keepers has the potential to provide enriching opportunities to the animal on the social and cognitive levels; the human companion also has the ability to elicit intraspecific behaviour, especially in those cases in which intraspecific stimulation is not enough for the animal, and create new interspecific meanings. As discussed earlier, human contact can facilitate social interactions and the integration of difficult subjects. More intimate bonds also benefit keepers who may feel less alienated in their work and thus can benefit from their positive relationships with animals in their work routine. Evidence suggests that keepers' attitude towards animals influences their handling style and, consequently, the animals' responses to their keepers (Ward, Melfi 2015) . This implies that if a keeper feels detached from the animals that they take care of, their handling style may have lasting, negative influences on the animals' perception of human contact. Keepers could partially provide tactile comfort when required, provided non-invasive and safe techniques have been established for both parties.
Conclusion
Tactile communication plays a prominent role in intraspecific group organization, social engagement, and group cohesion for social animals such as apes. We proceed from the premise that physical interaction is one of the fundamental instruments used by social beings to make sense of their social world. We argue that for social animals such as apes, tactile communication creates opportunities to orchestrate complex social interactions, to engage in group dynamics, and maintain internal peace. In the case of apes, social touch functions as a bonding agent that simultaneously strengthens and brings change to group interactions. Grooming, in particular, defined as a currency to use in exchange of favours (Henzi, Barrett 1999: 48) , is the most typical form of tactile communication found in apes. Grooming transcends the mechanical and practical function to keep one's fur free from debris and parasites but rather acquires a richer social meaning following Dunbar's hypothesis (2010) . If tactile communication plays a prominent role in intraspecies interactions, we argue that physical contact in zoological gardens between keepers and apes has the potential to benefit animals and workers. Reports suggest that human contact during the nursing period has positive effects on the social integration of chimpanzees (Bashaw et al. 2010; Thunström et al. 2013) . Additionally, building deeper relationships with animals could lead to better job satisfaction for workers.
Drawing on Lorenz's work, we describe animal-human bonds as a special case of companionship. Keepers may function as social companions in the umwelt of captive apes and, as such, they have the potential to elicit intraspecific behaviour, reduce group aggression, and enrich apes' living conditions. Furthermore, new meanings and behaviours are created through continuous interspecies interactions in hybrid environments. Elements of shared life, including meanings, interests, and affections, enable new types of relationships to be built. Keeperanimal relationships should be looked at more closely in order to highlight their capacity to unveil new types of semiotic processes. By looking at keepers as apes' companions, we have uncovered their role in providing social stimulation to captive animals. In this sense, keepers can be regarded as active participants in apes' social lives, and as such they can improve the animals' welfare by supplying enriching opportunities to them. In this paper, we have expressed the idea that it is through physical contact that social relationships are formed and maintained. As such, zoological gardens should look closely at how (social) touch can be utilized to maximise animal welfare. We use Jakob von Uexküll's concept of umwelt that has been employed to uncover the perceptual and operational side of tactile experiences. We have connected the "tactile need" of apes and other primates to the concept of search tone as described by Uexküll. By looking at the need to touch and be touched as a special case of search tone we have created a connection between the way apes and humans search for physical contact with others.
Protected contact proves to be the most successful strategy to handle apes. This is true for several reasons, among which are lower stress levels compared to nocontact policies in cases when veterinarian checks are necessary; it offers increased environmental control to the animals at the same time as ensuring keepers' safety, unlike free contact policies. Moreover, protected contact allows physical interactions to happen between animals and keepers in a safe way and seems to be the most enriching practice and should thus be encouraged. We highlight the necessity of considering tactile communication in the enrichment programmes and welfare analyses of zoological gardens. Enrichment on the tactile level needs to be included in the agenda of zoos in order to provide all-rounded sensorial and cognitive stimulation to social species. Keepers' roles should be more emphasized as their relationship with the animals influences captive animals' lives on several levels. Future research should focus attention on the topic of sensorial enrichment, with particular attention to the sense of touch, since it tends to be neglected more than the other senses. It is important to study the mechanical ways in which touch should be performed so that it acquires significance for the animal, and to map the body parts that have the potential of being meaning-carriers when touched. A zoosemiotic approach could provide the necessary instructions for the creation of a model to be used for interspecies tactile interactions in zoos, keeping in mind the species and individual-level preferences of each animal.
